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OVERFLOW PROTECTED FIRST-IN FIRST-OUT ARCHITECTURE 

The present embodiments relate to electronic devices and circuits and are more 
particularly directed to such devices and circuits that include a first-in first-out ("FIFO") 
circuit with overflow protection. 

Electronic circuits have become prevalent in numerous applications, including 
uses for devices in personal, business, and other environments. Demands of the 
marketplace affect many aspects of the design of these circuits, including factors such as 
device complexity, size, and cost Various of these electronic circuits include some aspect 
of digital signal processing and, quite often, these circuits include storage devices that 
operate on a FIFO basis. As is well-known in the art, such FIFO circuits are so named 
because data words aie read from the circuit in the same order as they were written to the 
circuit. Word size of the FIFO depends on the application and may be any number of bits, 
-where4~bits, 8 bits; 16 bitsrand~32~bits"arec6mmon ecamples,^while^ahy number Of bits 
per word may be implemented based on the application. The number of words in a given 
FIFO also is typically dictated at least in part by the application, 

Qiveri; that a FIFO storage circuit has a limited storage size, provisions have 
been made in the prior art in case of an overflow condition, in the FIFO. Such an overflow 
occurs when <* data word is received or otherwise schedxaled to be written into the FIFO, 
yet the writing of that word would overwrite valid data in the FDPO that has not yet been 
read. In other words, were such a word written into the FIFIQ,: it would overwrite and 
thereby destroy valid data. In the prior art, when such a potential overflow is detected, 
then some type of intervention has been employed. A common response is to prevent the 
write, which would otherwise overwrite valid unread data, while also generating an 
interrupt to some /type of controller or other responsive circuit In this way, the responsive 
circuit can deny the receipt of any additional words while also holding the FIFO write in 
abeyance until a read from the FIFO occurs, thereby freeing a word slot in the -FIFO to 
receive the pending write. Alternatively, the interrupt may require a more intrusive 
response by the device, such as a system resent: Without thesei:types of intervention, valid 



TI-34796EP 



2 



data in the FIFO can be overwritten and thereby provide erroneous results that are 
derived from the newer data as opposed to the older yet valid data that was overwritten. 

Iri addition to the interrupt-type response described above, another approach 
made in the prior art to minimize FIFO overflow conditions is through the design sizing of 
the FIFO. For example; one approach is to determine the m&dmiim number of words that 
will require storage in the FIFO for some large percentage of the time, such as 95 percent 
of the time; For example, assume a design implementation where it is anticipated that a 
FIFO will require storage of no more than 32 words over 95 percent of the time. Then, to 
finalize the actual implemented size of the FIFO, the maximum number is doubled to 
define the actual number of words that can be accommodated by the FIFO, Thus, 
continuing the example of 32 words, that number is doubled so that :: the FIFO is 
constructed to store up to 64 words. In this manner^ for that 5 percent of the time not 
contemplated in: the preceding, it is assumed that ho rhore than the doubled value, 64 
words, will be required to be stored in the FIFO. Thus, if during the 5 percent of the time 
ufTtb 64 words require sfora^/tl^FIFO~isstill sufficiently large so las tdprovide storage 
for those words; However, if that upper limit (e.g.; 64 words) is sought to be exceeded by 
a write at any jgiven time, then a response such as the above-described interrupt process 
may also be implemented in connection with the FIFO, u — .-;v. 

;c---Wfeile^Jhe-- above-described approaches! have proven workable 'in various 
implementations, fee present inventor has observed that the prior art may include various 
drawbacks,' For example, in the prior art approach of doubling the FIFO space, an 
inefficiency is necessarily provided in that, for potentially a majority of the time, up to 
one-half of the FIFO will remain unwritten with valid data, * This unoccupied space 
corresponds to increased area used in a circuit such as an integrated circuit. Additionally, 
there may be increased power consumption or considerations with respect to this enlarged 
FIFO. As yet another and often key consideration, doubling of the FIFO space increases 
device cost, which is commonly a restrictive drawback in the commercial marketplace. As 
another example, a smaller FIFO that is forced to often reset or interrupt due to repeated 
overflow conditions may be too restrictive for various applications; Thus, the preferred 
embodiments as set forth below seek to improve upon the prior art as well as these 
associated drawbacks. 
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BRI^ SUMMARY OF THE INVENTION , : , .,;v.' ^v.;. 

: In the preferred embodiment, there is an electronic device. The device 
comprises an input for receiving successive data words, wherein each data word of the 
successive data words comprises a plurality of bits. The device also comprises a memory 
structure comprising a plurality of memory wOrd addresses, wherein each memory word 
address corresponds to a storage structure operable to store a data word having the 
plurality of bits. The device also comprises control circuitry, operable during a non- 
overflow condition of the memory structure, for writing successive ones of received data 
words into respective successive ones of the memory word addresses. Finally, the device 
also comprises control circuitry, operable during an overflow condition of the memory 
structure, for writing each data word in successive ones of received data words across 
multiple ones of the memory word addresses, f 

Other aspects are also disclosed and claimed. i ■■, .•=•.- V i v 

BRIEF DESGRH^ONO ilTv 7^7. T" 

Figure 1 illustrates a block diagram of a data storage system designated 

generally at 10 and according to the preferred embodiments, ur-^v: >*-. 

Figure 2A illustrates an example of the beginning t>f a sequence of operations 

with respect to WFO 12 of Figure 1, where Figure 2A Ulusttates FIFO 12 prior to the 

writing of data to, or reading of data from, FIFO 12. 

Figure.2B illustrates FIFO 12 of Figure 2At$fter the writing of seven data words 

into the FIFO. 

figure 2C illustrates FIFO 12 of Figure 2B after the writing of eight additional 
data words i^ito the FIFO and the reading of four data words from the FIFO. : 

: Figure illustrates FIFO 12 of Figure 2C after the . writing of two additional 
data words into the FIFO and the reading of two additional data words from the FIFO. 

Figure 2E illustrates; FIFO 12 of Figure 2D after the writing of five additional 
_data words into the FIFO, wherein an overflow condition occurs if the next operation is to 
bea write into the FIFO. ; v ; - -.c. 
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Figure 2F illustrates FIFO 12 of Figure 2E after the writing of a first data word 
into the FIFO during its overflow condition, where the first data word is written across 
multiple word addresses. ; • ; 

Figure 2G illustrates FIFO 12 of Figure 2F after the writing of a second data 
word into the FIFO during its overflow condition, where the second data word is written 
across multiple word addresses. 

Figure 2H illustrates FIFO 12 of Figure 2G after the writing of a third data word 
into the FIFO during its overflow condition, where the third data word is written across 
multiple word addresses* xv--": 

Figure 21 illustrates FIFO 12 of Figure 2H after the writing of a fourth data word 
into the FIFO during its overflow condition, where the fourth data word is written across 
multiple word addresses. : , • v ; • .v g 

Figure 2J illustrates FIFO 12 of Figure 21 after the reading of six additional data 
words from the FIFO during its overflow condition, where the read words are those 
stored during a nomoverflow eolation." - — ~T7^ n 7 : v;~^~7 v : v: ~~~ ~ 

Figure 2K illustrates FIFO 12 of Figure 2J after the writing of one word into the 
FIFO in a non-overflow condition and the reading of seven additional data words from 
the FIFO, where the read words are those stored during a non^overflow condition. 

Figure 2L illustrates FIFO 12 of Figure 2K after the reading of three additional 
data words from the FIFO, where the read words are those stored during a non-overflow 
condition. • \ . .. . ; 

... : Figure 2M illustrates FIFO 12 of Figure 2L after the reading of one additional 
data word frprn the FIFO, where the read word is stored during an overflow condition. 

Figure 2N illustrates FIFO 12 of Figure 2M after the reading of three additional 
data words from the FIFO, where the read words are stored during an overflow condition. 

Figures 3A and 3B illustrate a flow chart of the general preferred operation of 
system 10. w . • • ■- ; . "" 

Figure 4A illustrates a preferred embodiment palm held device incorporating 

system 10. 

Figure 4B illustrates a screen trace ori a device comparable to that of Figure 4A 
but implementing a prior art FIFO system. 
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Figure 4C illustrates a screen trace on the device of Figure 4A according to the 
preferred embodiment 

Figiife 5 illustrates an alternative flow chart of the general preferred operation 
of system 10. 

DETAILED DESCRIFnON OF THE INVENTION 

Figure 1 illustrates a block diagram of a data storage system designated 
generally at 10 according to the preferred embodiments. In one preferred embodiment, 
system 10 isvconstfucted using a single integrated circuit and; indeed, additional circuitry 
is likely included within, such an integrated circuit. However, to simplify the present 
illustration ^ad discussion, such additional circuitry is neither shown xioi described. 
Moreover, system 10 may be implemented in connection with numerous digital data 
systems, where One preferred implementation is detailed later iri connection With Figure 4. 

Lctoldrig to the blocks in system 10, system 10 includes various items which in 
general ar^loiowiiln: the prior art,~but additional control and operation as detailed later 
distinguishes the overall system. Looking by way of introduction to some of the blocks 
that are comparable to the prior art, they include a FIFO 12 having a number of word 
storage slots;: by way of example; 16 such slots are shown and designated SL0 through 
SL15. However the choice of 16 is only by way of illustration and: one skilled in the art 
will recognize that the inventive teachings of this document may be implemented in 
different steed HFO devices. In the preferred embodiment, each storage slot SLx has a 
same bit dimension,, where that dimension may be any size. -For the sake of example in 
this dcKnunent, assume that this dimension is 8 bits, that is, each storage slot is operable to 
store an 8-bit word. Also included in system 10 are a write pointer PTRwt and a read 
pointer PTJ?Rp. In^ PTRwr indicates the word slot into which a next 

word will be written into FIFO 12, Conversely, read pointer PTRrd indicates the word slot 
from which a next word will be read from FIFO 12. The implementation of, ahd mdieation 
of the respective words by, pointers PTRwr and -PTRrd, may be ac±ueved in various 
fashions ascertainable by one skilled in the art and consistent with the functionality 
described in- this- document. C-r-r &:i 
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Turning now to aspects of system 10 as part of the overall inventive structure, 
system 10 includes a controller 14 coupled to both write pointer PTRwt and read pointer 
PTRrd. In one sense, controller 14 communicates with these two pointers to increment 
each pointer as individual read and write operations occur into single respective storage 
slots, but as detailed later controller 14 also operates in connection with these pointers to 
read and write data in an inventive manner in connection with an overflow event. Also in 
regard to both overflow and non-overflow conditions, controller 14 is connected to a data 
read/write circuit 16 that is bi-directionally connected to each storage slot in FIFO 12. 
Thus, data to be written to FIFO 12 is provided to an input 16i of data read/ write circuit 
16, and data when read out of FIFO 12 is provided at output 16o of data read/ write circuit 
16. Lastly, while not shown, controller 14 maintains overflow offsets OFF0> OFF1, OFF2, 
and OFF3. In general, these offsets are used to identify a write location inFEFO 12 in 
response to an overflow condition in FIFO 12, as further detailed later, r From that 
discussion> it will be readily understood that each of controller 14, read/write circuit 16, 
and the overflow offsets may be implemented in various fashions ascertainable by one 
skilled in the art. t 

Figures 2A through 2N illustrate an example of a. sequence of operations, of 
system 10 with respect to FIFO 12, and for sake of simplification only the pointers and 
FIFO 12 mentioned above are shown in those Figures, while one skilled in the art should 
appreciate that the remaining circuitry of Figure 1 may be used to perform the control and 
remaining operations now described. Further, ihe specific : steps to implement the 
example of operation may vary in certain respects, where the later Figures; 3A and 3B 
provide a general flow chart also by way of example to implement the example of Figures 
2A through. 2N and also as will apply to other examples. 

Looking first to Figure 2A, FIFO 12 is shown to include the 16 horizontal word 
slots introduced above, and for sake of reference in this document each is shown to have 
an address WAM; for example, at the bottom of FIFO 12, the first word slot has an 
address WA[0], and ^ immediately above that word slot is word slot WA[l], ; and so forth 
upward to the top: of FIFO 12, which concludes with word slot WA[15]. Further, each 
word slot is preferably of a same size and in the illustrated example stores an 8-bit word, 
from least significant bit position BP[0] through most ., significant bit position BP[7] 7 
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although in an alternative embodiment these bit positions may be reversed. Figure 2A 
also indicates the address indication of the read pointer PTRrd and write pointer PTRwr 
when no data has yet been written to FIFO 12, such as at device start-up or following some 
type of reset or the like. Thus, both of these pointers are shown to point to word address 
WA[0]. Lastly, as shown by way of a vertical arrow above these pointers, and as will be 
further understood below, each pointer generally advances (or increments) upward 
following ar corresponding read or write, and when the pointers reach word address 
WA[15] at the top of FIFO 12, they wrap around back to the lowest FIFO address, WAIO], 
asshowninFigiire 2Av v ; V 

Figure 2B illustrates FIFO 12 after a total of seven words WDo through WD6 
have been written into FIFO 12, yet where no read operation has taken place. Each 
immediately successive word is written into an immediately successive word address- 
Thus, the first word, WDo, is written into the location indicated by write pointer PTRwt, 
which as shown in Figure 2A is the word address WAfOJi Next, word pointer PTRwt is 
^inCTem^tted once^to pdiritteT word address WA[l]rahd the next imri^i^ 
word, WDi; is written to this incremented word address, WA[1], and so forth through the 
writing of word WD6 into word address WA[6]. Following the write of word WDs into 
word address WA[6], write pointer PTRwt therefore points to the next word^address, 
WA[7], into which the next word will be written. Further/ because no read has yet taken 
place, then read pomter PTRrd continues to point to word address WA[0], that is, the 
location from which the next (i.e., first in this example) read will take place- 
Figure 2C illustrates FIFO 12 after an additional eight, words, WD7 through 
WD14, have been written into FIFO 12. Thus, write pointer PTRwt is incremented for each 
write, and now points to the next word address, WA[15], into which the next write will 
occur. Figure . 2G also illustrates that a read of four words, WDo through ;WEfc, has 
occurred. In this regard, read pointer PTRrd is incremented fox each word read; and it 
now points to the next word address, WA[4], from which the ^next read will occur. 
Additionally; as each word is read, an indication is recorded, such: as by setting a flag in; 
association with the word, to indicate that the word has been read so that it is not re-read 
later. To illustrate this aspect, each read word is further identified with an asterisk in 
Figure 2C, and this convention is also used in the remainder of this document Thus, in 
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Figure 2C, the read words are actually shown as WTV through WD3*. Additionally, in 
some contexts/a flag or comparable designation of this sort is said to indicate that the copy 
of the data word remaining in FIFO 12 is invalid once it has been read. 

Figure 2D illustrates, in part, the pointer wraparound operation introduced 
above. Particularly, Figure 2D illustrates FIFO 12 after an additional two words, WD15 
and WDis, have been written into FIFO 12. Note that after word WD15 is written, write 
pointer PTRWr is incremented, but it wraps around to the bottom of FIFO 12 and thereby 
once again points to word address WA[0]; on the next write, that is of word WD16, that 
word is therefore written to that word address, and write: pointer PTRwr is again 
incremented to point to word address WA[1] as shown in Figure 2D. Figure 2D also 
illustrates that a read of two more words> WD4 and WD5,. has Occurred, and consistent 
with the above; therefore, these words are designated as invalid (with the asterisk 
designation) and read pointer PTRrd is incremented for each read; thereby leaving it to 
now point to the next word address, WA[6], from which the next read will occur. 

Figure 2E illustrates FIFO 12 after, an additional five words, WD17 through 
WD21, have been written into FIFO 12> while no additional read operations have occurred. 
At this point, merefore, write pomter PTRv^ and; read pointer PIR RD both point to the 
same word address, which in the illustrated example is WA[6]. If the -next data 
input/output operation to occur is a write> then the condition thus illustrated in Figure 2E 
is referred to in the art as an overflow, mat is, an additional write of the next word 
(i.e., which would be WD22) into word address WA[6] would overwrite the valid 
(i.e., unread) data word WD6 that is stored at that address.; As mentioned earlier in the 
Background Of The Invention section of this document, the prior art r has certain 
mechanisms for responding to this overflow and thereby preventing the overwriting of 
valid data. . The preferred embodiments, as further demonstrated below; provide :an 
alternative and inventive approach to such an ; event Also in this regard, therefore, note 
that the potential: overflow may be detected by controller 14 (Figure 1) when, following an 
initial write into FIFO 12, there, is later a request to write while both read pointer PTRrd 
and write pointer PTRvvt are point to the same word address. 

Figure 2F illustrates the resultant preferred embodiment operation of the 
circuitry of system 10 of Figure 1, as implemented in connection with FIFO 12> in response 
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to an overflow: By way of example, Figure 2F illustrates the write of a next successive 
word, WD22, folloiving the impending overflow condition shown in Figure 2E. According 
to the preferred embodiment, when an overflow is detected; as would occur if a write 
were reijvtested ^ follbwing the status of Figure 2E, then the next word written to FIFO 12 is 
not writterf along a single word address, but instead that data is vmtten adrbss multiple 
word addresses, in one preferred embodiment, and as shown in Figure 2F; the multiple 
word addresses start by a write of the least significant bit ("LSB") at the word address 
location of the overflow condition and each more significant bit is written to a contiguous 
and incremated Word address; thus, in Figure 2F, wdrd WEte is written such that its LSB 
is written into bit position BP[0] of word address WA[6], its next most significant bit is 
written into bit position BP[0] of word address l-WA[73; ahd ^ Wfbrtii J so that the entire word 
WD22 is wtitfeh 'mto the bit position BP[0] of word addresses WD[6] through WD[13J. For 
sake of simipfe reference in this document, therefore, it may be said that toord WD22 is 
written vertically into FIFO 12, as compared to the horizontal nature of each individual 
"word addrie^ In~6ne^ 
position BP[QJ across the eight word addresses is provided by ah offset value OFFO, which 
is intended to indicate an offset of zero from the bit position BP[0]> as further appreciated 
below from additional offset values. In the illustration of Figure 2F, therefore, the offset 
value provides a bit addition to the word indication of write pointer PTRwr and,:thtis, for 
sake of reference thds combination is shown in Figure 2F as PTRwt+offo. In other words, 
when an overflow is detected and for the next write, the word is written vertically starting 
at the address indicated by PTRwt+ofeo. From the preceding, note that ;*he described 
operation causes word WD22 to overwrite the LSB of each of the; valid words WEfe through 
WD13, where those words collectively are shown as an : overflow block ,;Bi. As 
demonstrated later; while the LSBs of the data words.; irk: :Overflo3vs : ;block Bi are thereby 
possibly changed (i;e„ if the new data is different from the already-written data), some of 
the most significant bits of those same data words are preserved and therefore may be 
later read to maintain some level of date integrity without stopping -operation of FIFO 12 
in response to the overflow condition* v — 

Figure 2G illustrates FIFO 12 from Figure 2F following a write of the next 
sequential word> WD23/ into that FIFO. In . the preferred embodiment, for a number of 
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write operations following the overflow, each written word is oriented in a comparable 
manner to the first overflow word, that is, to not be written along a single horizontal word 
address but instead to be written across multiple word addresses. In a preferred 
embodiment, the manner of writing a number of additional overflow words after the first 
overflow Word is across the same multiple number of horizontal word addresses; thus, 
since Figure 2F illustrates the vertical writing of overflow word WD22 across eight 
contiguous word addresses, then in Figure 2G the next successive overflow word WD23 
also is written vertically across those same contiguous word addresses, where those 
addresses iri both Figures 2F and 2G are WA[6] through WA[13]. However, in Figure 2G, 
the offset is incremented and shown as an offset value OFF1, whereby the overflow word 
WD23 is thus written into bit position BP[1] across all of word addresses WA[6] through 
WA[13]. Accordingly, in Figure 2G, the offset value OFF! is intended to indicate an offset 
of one from the bit position BP[0], and it provides a bit addition as well as a vertical write 
orientation to the word indication of write pointer PTRwt and is therefore shown as 
PTOvvt+offi. From the preceding, the described operation causes word WD23 to overwrite 
an additional bit of each of the valid words WD6 through WD13 in block 1. Accordingly, 
upon completion of the write shown in Figure 2G, the two LSBs of the data words in 
overflow block Bi are thereby possibly changed by fee respective vertically-written words 
WEteand WD^^wr-. . -x,.-^ x-a :,./:.;^ 

Figures 2H and 21 illustrate two additional writes into FIFO 12 of words WD24 
and WD25; respectively, where again those writes are understood to follow the overflow 
condition following from a write after the state of Figure 2G. Recalling that in the 
preferred embodiment a number of write operations follow the overflow and write data in 
a comparable manner across multiple word addresses (i.e., vertically), in one example of a 
preferred embodiment the total number of such write operations is equal to half of the bit 
precision of each word; thus, in the present example, where each word in FU?0 12 is an 8- 
bit word, then in response to a detected overflow condition, then one-half of those 8 bits, 
that is, 4 bits, are overwritten vertically by overflow words. Accordingly, in Figure 2H, the 
third overflow word, WD24, is written vertically into bit position BP[2] of each word 
address in overflow block Bt as determined by an offset OFF2 and indicated relative to the 
write pointer as ;PTRwt+off2, and in Figure 21, the fourth overflow word, WE^s, is written 
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vertically into bit position BP[3] of each word address in overflow block Bi as determined 
by an offset OFF3 and indicated relative to the write pointer 1 as PTRwr+ORP3. Frorn the 
preceding, by the completion of the status of Figure 21, the least significant half of the bite 
in each horizontal data word in overflow block Bi has been overwritten. Thus/these data 
values are somewhat compromised as opposed to the original Values. However, as shown 
below, in some applications the preservation of the more significant bits of these 
horizontal data words still provides some level of reliable data to be read and used for 
those applications. 

Before proceeding with a discussion of Figure 2J and lateir Figures, note that the 
remainder of tKe example as demonstrated in Figures 2J through 2N assumes that the next 
operation foUowingFigtire 21 is a word read and, indeed, as shown later it is assumed that 
multiple reads first occur, prior to any additional write, such that all horizontal data words 
in overflow block Bi are read prior to a next write. Giveii this assumption, and looking 
now to Figure 2J, then write pointer PTRwr is advanced to the next highest word address 
following overflow block Bi, which in the example of Figure 2J is word address WA[14]. 
However; if the next operation, prior to the read of the horizontal data in overflow block 
Bi, were a word write, then there arises a consideration of to what; location within FIFO 12 
would the next word be written In the example of a preferred embodiment in Figure ^, 
once half of the bitprecision has been overwritten in overflow block Bi a shown iii Figure 
21, then aniinm^ call for a write is interpreted as an ^acceptable 

overflow, and an appropriate response is taken. For example, controller 14 may issue a 
system iiiterjrupt so that no more data is acceptedvby FIFO 12 ; : until certain data, as 
appreciated below, is read from that FIFO. However, such an approachvmay not be. 
acceptable in some i implementations because;, it necessarily disrupts the effort of any 
upstream circuit from writing data, which may not be workable; in those cases, a more 
aggressive response,: such as a system reset may be taken. : Still further, in an alternative 
preferred embodiment and once half of the bit precision has been overwritten in overflow 

block Bi as shown in Hgure 21, then in an immediately subsequent call for a write, the next 

word may be written across multiple horizontal word addresses in another block in FIFO 
12; for example, in the case of Figure 21 and for a continuing overflow condition, the next 
word, WD26 (not shown), could be written to a second overflow, block that spans bit 



TT-34796 EP 



12 



position BP[0] of word addresses WA[14], WA[15], and WA[0] through WA[5], with still 
additional words also written to that second overflow block. Such art approach 
necessarily will require additional complexity as compared to permitting the Waiting only 
to the single overflow block, Bi, in Figure 21, although in some instances such complexity 
may be deemed to be worthwhile. 

Concluding Figure 2J, and also as part of the current example, following the 
write of words WD22 through WD25, a read of six data words occurs. Recalling from 
Figure 21 that read pointer PTRrd was previously pointing to word WE>6, then the Figure 
2f read of siix words thereby consists of a read of words WDe through WDn, which as read 
are one by one designated as invalid as shown in Figure 2 J by the above-introduced 
asterisk convention. Further, following that read, read pointer PTRrd points to the next 
word address, WA[12], from which the next word will be read. 

Figure 2K illustrates FIFO 12 following the state of Figure 2J, and where seven 
additional words have been read from FIFO 12. Recalling from Figure 2J that read pointer 
PTRrd was previously pointing to word address WA[12], then the Figure 2K read of seven 
words thereby consists of a read of words WD12 through WDi8, which includes the 
wraparound to and beyond word address WA[0]; where read pointer PTRrd thereby 
points to the next successive word address, WA[3], following the last word that was read. 
Additionally, the. seven read words are designated as invalid after having been read. 
Figure 2K also illustrates, following the read of the data word :at word address WA[15], an 
additional write of the next sequential word, WD26, into FIFO 12 and more particularly 
into word address WA [15]. Note that in the preferred embodiment this horizontally- 
oriented write is permitted so long as the data at the word address, already has-been read, 
which in the present example will be recognized to hayev occurred since the data 
(i.e v WD14) at that word address and prior to the write of WD26 will have been marked as 
invalid once so read. In other words, recall above there is introduced the notion of writing 
a word after the maximum number of words (e.g., four words in the; illustrated example) 
have been written vertically into overflow block Bi. Figure 2K illustrates that; provided 
the horizontal word above the overflow block has been read, then the next write operation 
is performed horizontally at the next horizontal address above overflow block B;u 
Accordingly, in Figure 2K, word WD26 is written into word address WA[14] and write 
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pointer PTRwt is incremented to point to the next address, WA[15], into which the next 
data word will be written. 

Figure 2L illustrates FIFO 12 following the state of Figure 2K, and where three 
additional words have been read from FIFO 12. Recalling from Figure 2K that read 
pointer PTRrd was previously pointing to word address WA[3], then the Figure 2L read of 
three words thereby consists of a read of words WD19 through WP21/ which thereby 
advances read pointer PTRrd to the bottom, of overflow block Bi (i.e., word address 
WA[6]). However, recall that four vertical words have been written into overflow block 
Bi. In this regard, controller 14 of system 10 includes sufficient -circuitry, as may be 
ascertainable by one skilled in the art, to detect that such words have been written. Thus, 
read pointer PTRrd also is informed of an offset for the next word to be read, which in the 
example of Figure 2L is the word at an offset of zero. As a result, in Figure 2L, that offset 
is shown in relationship to the read pointer as PTRrd+ofh)/ thereby indicating that the next 
word to be read is WD22, as aligned vertically along bit position BP[0] within overflow 
block Bi~ 

Figure 2M illustrates FIFO 12 following the state of Figure 2L, and where one 
additional : word has been read from FIFO 12. Recalling from Figure 2L that read pointer 
PTRrd was previously pointing to word address WA[6] with a zero offset (ive.>+OFF0), 
then the Figure 2M read of one word consists of a read of word WD22, which is therefore 
indicated with an asterisk in Figure 2M. However, recall that overflow block Bi includes a 
total of four, vertical words. Thus, rather than a , horizontal increment of read pointer 
PTRrd, in the preferred embodiment the offset is incriemented for each read vertical word 
until all vertical words in overflow block Bi are read. Thus, in Figure 2M, since one word 
has been read, theA read pointer PTRro now has an offset of OFFl, ; shown collectively in 
the Figure a? JPTRrd^obpi. Accordingly, upon the next read; the -vertical word at bit 
position BP[l]rwithin overflow block Bi will be read (ie v data word WD23). i - 

Figure 2N illustrates FIFO 12 following the. state of Fig\ire 2M, and where three 
additional vvords have been read from. FIFO 12. Recalling- from Figure 2M that read 
pointer PTRrd was previously offset to point to word WD23: at bit position BP[1] of 
overflow block Bi; then the Figure 2N read of three words thereby consists of a read of 
words WD23, WD24 and WD25, at respective offsets of OFF1, OFF2, and OFF3. Following 
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the last read, therefore, note that all vertical words within overflow block Bi have been 
read, as also indicated as the offset OFFx has reached its maximum value, which in the 
present example is OFF3. Accordingly, after the read at PTRrd+off3, read pointer PTRrd is 
incremented to point to the first horizontal word above overflow block Bi, which in the 
present example is St word address WA[14], < 

To further appreciate the preceding and looking to Figure 2N, note that if the 
next iriput/butput operation with respect to FIFO 12 is the read of another word, then in 
response word WD&> is read from word address WA[14] and thereafter read pointer 
PTRrd will point to the same word address, WAf 15], as then being indicated by write 
pointer PTRwt. In that case, however, then write pointer PTRwt is pointing to a word 
address, WA[15], stbring an invalid word; Therefore, in the preferred embodiment, a next 
word write (e.g., WP27) is simply written horizontally into that- word address, WA[15]. 
Continuing with this case, assume further that 15 additional horizontal words (e.g., WD28 
through WD42) are written into FIFO 12 without any additional read operations from FIFO 
12. At this point, therefore, the full capacity of FIFO 12 (ie.> 16 words) has been written 
without a read. At that point, again read pointer PTRrd and write pointer PTRwt will 
point to the same word address, but the word at that address is now valid. Accordingly, if 
the next requested input/output operation is a write, then as defined above, such an event 
is an overflow condition, as illustrated also by way of example in Figure 2E. Thus> if 
following that overflow condition still another word, WD43, were to be written to FIFO 12, 
then consistent with the preceding teachings that word would be written vertically across 
multiple horizontal word addresses rather than in a single horizontal word address. 
Moreover, in the preferred embodiment, the writing of word WD43 would be starting with 
the LSB of word WD43 into in bit position [0] at word address WA[15], and then wrapping 
around to the bottom of FIFO 12 such that the remaining seven bits of words WD43 would 
be written ipto bit position [0] of word addresses WA[0] through WA[6]. In other words, a 
new overflow block would be defined into which four vertical words would be written in 
response to the overflow condition. Once more, therefore^ rather than discarding these 
words that follow, the overflow condition or responding immediately to the overflow with 
an interrupt; four words following the overflow are instead preserved and stored into 
FIFO 12. 



TI-34796EP 15 

Another observation relating to the preferred embodiments is made by 
returning to Figures 21 and 2J; recall that those two Figures illustrate the reading of the 
horizontally stored words in overflow block Bi (i.e., WE>6 through WD13). However, as 
each of those words is read, the last four bits of each such word has been overwritten by 
the vertically stored words in overflow block Bi. Thus, to the extent that the particular bits 
in the vertically-stored words differ from the bit values of the pre-existing horizontally- 
stored words, then the accuracy of the data in the last four bits of those horizontally-stored 
words is compromised. Nonetheless, the accuracy of the more significant bits in the 
horizontally-stored words is maintained because those bits are not overwritten; thus, the 
preserved more significant bits may be read and used by the overall system that is relying 
on such data. The tolerance of a system's ability to use only these more significant bits is 
dependent on the type of system, and may well be acceptable in certain applications 
where jgreater precision is unnecessary* For example, in some audio applications/a 
temporary: loss of data precision of this type may be acceptable. As another example and 
as further illustrated below, in certain screen data traces, amihbr deviation in the screen 
display may occur as a result of the loss of precision, but this may be an acceptable 
tradeoff as compared to a large deviation or a system interrupt due to a FIFO overflow 
condition Still further, note that the extent of the loss in accuracy may be adjusted in 
alternative; embodiments by changing the ratio of the number of bits used for; vertical 
storage in a block; In other words, in the above-described p^feired embodimaat> half of 
the bits (e.g>> four of the eight bits) are used to store vertical words> thereby compromising 
the data accuracy of the lower half of the horizontally-stored valid words in the overflow 
block. However, if greater precision is preferred for the horizontally-stored valid wordsin 
the overflow block, then a fewer number of the LSBs of those, words can- be used for 
vertical storage; thus, in the preceding case, by way of example, the ^ vertical words could 
be stored only in bit positions BP[0] and BP[1]; in that case, the upper six MSBs of the 
horizontally stored valid words in the overflow block are preserved, thereby providing 
greater precision in those words as they are" read from FIFO 12, Indeed, numerous other 
examples may be ascertained by one skilled in the art whereby a different number of least 
significant bits are overwritten* The specific number of overwritten bits may be a user- 
provided parameter , and/or it may depend on various application-specific parameters, 
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including the number of horizontal bits available for the storage of each FIFO word 
(where eight such bits are shown in the preceding example).- 

With the above example having demonstrated in part the inventive scope, that 
scope is further illustrated by Figures 3A and 3B, which depicts a method 30 of operation 
of system 10; to facilitate the present discussion/ method 30 is generally shown in a 
flowchart format so as to discuss the general sequence of events that occur for either a 
read or write operation by system 10. However, one skilled in the art will appreciate that 
certain steps may occur in an order other than that shown and the sequencing can be 
achieved with various hardware and/or software, including the use of one or more state 
machines. Also by way of introduction, method 30 does not contemplate each and every 
possible implementation detail, as from the remairung teachings of this document one 
skilled in the art may ascertain such design choices. By way of introduction to method 30, 
however, note that prior to reading and writing data, system 10 initializes various items, 
such as may occur at start-up or at reset. For example/- the pointers discussed above, 
including read pointer PTRrd and write pointer PTRwr are initialized, as is the offset. In a 
generalized example, at start-up, write pointer PTRwr is initialized to point to the bottom 
of FIFO 12, that is, to word address WA[0]; further, because as of that point no valid data 
has been written into FIFO 12, then read pointer PTRrd is set to an invalid state, to thereby 
indicate that an effort to then read FIFO 12, without a write first occurring, would be an 
invalid operation. Lastly, for sake of separating the read and write -operations/; the offset 
aspect introduced above is separated into a read offset and a: write offset, and prior to step 
32 both of these values are initialized to a value of zero. 

Turning to method 30 in detail, it commences with a decision step 32 that 
represents a wait state until system 10 is called to either read data from, or write data to, 
FIFO 12. If a write is to be performed, then method 30 continues from step 32 to step 100, 
whereas if a- read is to be performed, men method 30 continues from step 32 to step 200. 
For sake of , simplicity/ the following discussion first discusses: the flow of a write as 
performed by- step 100 and the" steps following it, with a later discussion of a read as 
indicated by- step 200 and the steps following it. . This choice simplifies; at least one 
example in that some valid data is then presumed to be written to FIFO 12 so that it later 
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may be read. However, other scenarios are also detailed later, including an overflow 
condition as also illustrated above in Figures 2A through 2N* 

Turning now to the write operations associated with method 30, in step 100 
system 10 determines whether an overflow condition is present in- FIFO 12. As shown 
above, this condition occurs when both read pointer PTRrd and write pointer PTRwt are 
point to a same word address WA[x], and that same word address stores a valid 
horizontal data word. If the condition of step 100 is not met, that is, if no overflow 
condition exists, then the flow continues from step 100 to step 102, whereas if there is an 
overflow condition, then the flow continues from Step 100 to step 120. Each of these 
alternative paths is discussed below. 

In step 102, being reached in some instances when no overflow condition 
occurs, then method 30 increments write pointer PTRwt- Thus> with respect to system 10, 
this increment effectively advances the write pointer to point to a next horizontal word 
address, WA[x}> in FIFO 12. Further, write pointer PTRwt may be readily constructed by 
one skilled in the art to wraparound appropriately if the increrhent step advances it 
beyond the top of FIFO 12. Next, method 30 continues from step 102 to step 104.: 

In step 104> system 10 writes the present data word horizontally into the word 
address, WA[x]> then, indicated by write pointer PTRwt. Thus, step 104 represents a 
typical write in a non-overflow condition, such as shown by way of example earlier, in 
Figures 2B, 2G> and, 2D. Next, method 30 continues from step 1Q4 to step 106. 

Step 106 is a conditional step that determines whether the write thafc oc 
the immediately-preceding occurrence of step 104 was the first write, into FIFO 12 since the 
time of start-up (or reset); If the write: was not the first write,; then method 30 returns from 
step 106 to step 32 to await the next input/output operation., ; However, if step 106 
determines that the immediately-preceding occurrence of step 104 was the first write into 
FIFO 12, then method 30 continues to step 108.; In step 108, read pointer PTRrd is set to a 
valid state, thereby indicating, and as shown below in connection with , the reading 
operations 6£ method 30/ that a valid read may now occur. After read pointer PTRrd is set- 
to valid, method 30 returns from step 108 to step, 32 to await the next input/output 
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Returning bow, to , step 100, - recall , that it passes the flow to. step 120 if an overflow 
condition in FIFO 12 is detected. Step 120 then evaluates whether there is a full block of 
valid overflow words in FIFO 12; thus, in connection with the preferred embodiment, such 
a block exits when there are a maximum number of vertical words stored across a number 
of horizontalword addresses. By way of the earlier example illustrated in Figure 2K, step 
120 would determine that its condition is satisfied if four such vertical words were stored 
across the same eight horizontal word addresses. Of course, if in an alternative 
embodiment the manner of storing overflow words across different horizontal word 
addresses were changed, then the condition of step 120 would be changed to correspond 
to that change. In any event, if the overflow block is not full, then method 30 continues 
from step 120 to step 122; conversely, if the overflow block- is; full, then method 30 
continues from step 120 to step 130. • ; • v : ^ ' 

In: step 122, which from the above is reached once an overflow -condition is 
detected and the; overflow block is not yet full, then system. 10 writes a vertical word into 
~ the oveVflow block. As detailed above, the particular bit lotion of the vertical write is 
controlled by an appropriate offset. Thus, in the case of a block that stores up to four 
vertical words, men step 122 writes in response to write, pointer PTRvvt, as further 
modified in response to the appropriate one of the write offsets OFF0, OFFl;OFF2, and 
OFF3. Following the write, method 30 returns from step 122 to step 32 to await the next 
input/ output -operation. 

Looking now to the alternative of step 130,jrecaU.it is reached when an overflow 
condition is, detected and the overflow block is full of valid overflow words. In response, 
step 130 determines whether the horizontal word address, WAM, immediately above the 
overflow block, stores an invalid word. Note in this regard that ^immediately above" is 
intended to indicate the next successive address in FIFO .12, corresponding to a single 
increment of word.pointer PTRwt. Thus, if ; the overflow block occupies the top of FIFO 12, 
then this next address would be the bottom word address, WA[0J; of FIFO 12. In any 
event, if step 130 determines that an invalid word is stored above the overflow block, then 
method 30 continues from step 130 to steps 102 and 104; in that event, therefore/ write 
pointer PTRwr is incremented and the next word is written horizontally just above the 
overflow block. Note that this operation is acceptable because the horizontal word being 
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overwritten is invalid and, hence, by definition; previously has been read. To the contrary, 
if step 130 determines that that horizontal word address above the overflow block stores a 
valid xvdrd; then in the preferred embodiment it is not desirable to overwrite that valid 
word. As a Tesult, method 30 continues from step 130 to step 132, in which case an 
interrupt is generated (or another overflow block is considered in a more complex 
preferred embodiment, although this is not shown in the Figure so as to simplify the 
diagram). System 10 may then be configured to respond to this interrupt in an 
appropriate manner, such as some type of user warning that the write cannot occur or 
another type of Warning. 

Turning now to the read operations associated with method 30; in step 200 
system 10 determines whether read pointer PTRrd is valid. Recall that at start-up (or 
reset) this pointer is set to invalid. Thus, if after start-up, and prior to a write, a read is 
attempted, then step 200 detects this invalid status and directs the flow to step 202. In step 
202, an error is reported and also may be further acted upon:: Recall also, however, that 
per steps 106 and 108> following the write of a first valid word into FIFO 12, write pointer 
PTRvvt will be valid. This latter status also may be detected by step 200, in which case 
method 30: continues from step 200 to step 204. : 

In step 204, system 10 determines whether read pointer PTRrd is pointing to an 
overflow blocky^that is, whether the word address> WA[xJ, to which read pointer PTRrd is 
then pointing includes a vertically oriented word at that location^ Note in this regard that 
one skilled in the -art may readily ascertain various manners to implement a flag or the like 
associated with .a; word address when such a vertical wo?:d is -written thereto. In any 
event, if reaid, pointer PTRrd is not pointing to an overflow, block, then method 30 
continues to steps 206 and 208, whereas if read pointer FTRRo is pointing to. an overflow 
block, then methcxi 30 continues from step 204 to step 220. Each of these alternative paths 
is discussed ;below r 0 - . " ; ^ -.>--*::.•: >:H*. ip." po:rK' v. \f ; ./ 

Steps i;206 -and 208 are directed to a word r^ad when ho overflow Hock is 
involved in the read. ^stemvlOvreadsVa hdrizontal^ord at the 

word address,- WA[x]; then indicated by read pointer PTRrd, and the read word is marked 
invalid. Next; in step 208, read pointer PTRrd is incremented/ thereby pointing to the- next 
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horizontal address in FIFO 12 from which the next word will be read. Thereafter, method 
30 returns from step 208 to step 32 to await the next input/output operation. . 

In step 220, having been reached because read pointer PTRrd is pointing to an 
overflow block, system 10 determines whether the horizpntal word then indicated by read 
pointer PTRrd is valid ... If so, then method 30 continues from. step 220 to step 222, where 
the horizontal word is read and marked invalid; an example of this instance was described 
earlier above in connection with Figure 2J and he reading of word WE>6. Thereafter, 
method 30 continues from step 222 to step 208, which is described above. Returning to 
step 220, if the horizontal word then indicated by read pointer ETRrd is invalid, then 
method 30 continues from step 220 step 230. 

Step 230 is reached in an instance such as the scenario illustrated by way of 
example in Figure 2L, that is, when read pointer, PTRrd points to the bottom of an 
overflow block and the word at the then-indicated word address, WA[x], is invalid 
(i.e v already has been read). Accordingly, in this case method 30 continues to step 230 
wherein a vertical word is read from the overflow block, and according to the appropriate 
offset For a first vertical word read, the read offset should be earlier initialized to OFF0, 
thereby causing a first instance of step 230 to read the vertical work at bit position BP[0] in 
the overflow block. Once the vertical word is read, it is marked invalid and method 30 
continues to step 232. v^.;;; • 

Step 232 increments the read offset, thereby, advancing it in the sequence of 
OFF0, OFE1, QFF2> OFF3, and returning it to OFF0 following OFF3. Thus, if the read in 
the immediately-preceding occurrence of step 230 was at an offset of OFF0, then the next 
vertical read will be at offset OFF1, and so forth/ until all offsets have been :used. 
Following step 232, method 30 continues to step 234. ...... ; > 

In step 234, system 10 determines whether the complete overflow block has 
been read. This determination may be made in various manners, such as with reference to 
the then-current value of the read offset, or by determining whether each vertical word in 
the overflow block is: marked as invalid. In any event, if the vertical overflow block is not 
fully read, then method 30 returns to step 32 to await the next input/ output operation. 
Note, therefore, if that operation is another read, then read pointer PTRrd is unchanged 
and will still indicate the overflow block, but the increment operation of the ready offset 
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by step 232 will cause the next successive vertical word in that block to be read. To the 
contrary, if step 234 determines that the entire overflow block has been read, then the flow 
continues to step 236, In step 236, system 30 adjusts read pointer PTRrd to point to the 
next horizontal word address, WA[x], above the overflow block. Thus, in the example of 
Figures 2 A through 2N where the overflow block included eight Word addresses, then step 
236 would increase read pointer PTRrd by a value of modulo eight, thereby Wrapping 
around if necessary. As a result, the next read, assuming the word above the overflow 
block is valid, may occur of the horizontal word stored at that next-indicated horizontal 

word address: < • • : - [: ::V - :if ■ 

Having d^moiistrated the preferred embodiment ;as a system in varibus 
manners; note further that the implementation of that system in coxuiection with a 
prejferred embodiment device is further contemplated as- within the present inventive 
scope. Speoficafly, there are generally two types : of ; data^processing or data transfer 
devices. A first type requires 100 percent data integrity), as is often the case for central 
processing unit : code, encoded/compressed data> and certain networking 
implementations, A second type permits some data degradation, which is often the case 
in a la;rge range of signal processing applications where raw, "natural" data is being 
sampled and then transferred and processed. Certain examples, of this second type 
include raw audio ; streams, bitmap images, uncompressed video, and the like. 
Accordingly, devices that may be characterized in- : this second type are those that fall 
within the p^sent inventive scope as incorporating system 10 into their data path, To 
further illustrate this aspect, one particular implementation of this tj^e is described below. 

Figure 4A illustrates a computing device 300 which is typical of various modem 
hand-held computing type devices or the like. The figure depicts only three blocks: so as 
to simplify the discussion, where one skilled in the art will appreciate that such a device 
may include numerous other aspects. In the general depiction of Figure 4A, device 300 
includes a display screen 302, an input area 304, and system 10, where system 10 is 
representative in block form of that same system as shown in Figure. 1 and also described 
in Figures 2A;through 2N and Figures 3A and 3B. In the example; input area 304 provides 
one or more mechanisms for a user to provide input data to device 300, which may 
include a keyboard and /or a touch screen area. Additionally, data may be entered by 
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touching screen 302, such as with a stylus or inkless; pen or other device and where that 
data in some instances is shown in traced form on screen 302 to confirm to the user the 
path of the stylus along screen 302. Ln any event, the data entered into input area 304 or 
via screen 302 is connected to system 10, so it may be connected to FIFO 12 therein (not 
shown). Of course, additional processing circuitry is likely to be involved with that data, 
but for the present example it is assumed that at some point in the data path, data to be 
output at screen 302 is stored in the FIFO of system 12 and, thus, is read out so as to 
display images on screen 302. 

Figure 4B illustrates an example of a depiction of m screen;302' that might result 
using a FIFO according to the prior art rather than system 10, and in response to an 
overflow condition. Specifically, in Figure 4B, a trace TRi is shown, along with a 
corresponding stylus trajectory STi, where the stylus trajectory is intended to reflect 
instance where a -user traces a line of input along the surface of screen 302^ Ideally, a 
device like device 300 should reflect the user input along screen 302' by projecting a trace 
TRi that matches stylus trajectory STi or very closely approximates it, so as to present the 
user with an image that portrays the line of travel of the stylus across screen 302'. 
However imthe example of Figure 4B, and above an imaginaiy dine Li, there is shown a 
great divergence between trace TRi and stylus trajectory STi, where the intent of this 
Figure is to illustrate the possible result of an overflow condition, in- a prior art FIFO. In 
other words/ were such a FIFO to overflow with data, then any data; written into the FIFO 
following the; / overflow would overwrite older; yet -.valid, data, and oftce there are 
subsequent, data reads, the newer-written data is used orather than the desired older yet 
valid data- / As a result, the use of that data, which in the present example is shown in the 
form of stylus trajectory STi above line Li, produces aboye line Li what is likely to reflect 
vastly inaccurate results- • .•-.;>■■;.:> ^. v ^\: ^^rrv; 

By way of contrast to Figure 4B, Figure 4G illustrates an example of a depiction 
of screen 302 that might result using a FIFO according to the preferred embodiments, that 
is, where system 10 is included in device 300 as showri in Figure 4A^ Thus, in Figure 4C, 
trace TRi is: again, shown, along with a corresponding stylus trajectory ST2/ where once 
again the stylus trajectory is intended to reflect an instance, where: a user traces a line of 
input along the surface of screen 302. Below an imaginary line L2, it is assumed that no 
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overflow condition occurs; thus, device 300 properly reflects the user input along screen 
302 by projecting trace TR2 to match stylus trajectory STi or very closely approximate it. 
However, above line L2, it is assumed that an overflow condition occurs in the FIFO of 
system 10; According to the preferred embodiment, and as detailed above, when the 
overflow occurs, thie most significant bits of the older valid data are preserved and 
subsequently read. Thus, to a certain extent, the precision of that older data is maintained 
and, as a result, trace TR2 still approximates stylus trajectory STi above line L2, or at least 
the divergence between trace TR2 and stylus trajectory ST* is far less than that between 
trace TRi and stylus trajectory STi shown in Figure 4B, Moreover; above a line L3, it is 
assumed that the overflow condition is cured, that is, the data in the overflow; block in the 
FIFO of system 10 is fully read and output and thereafter no additional overflow occurs 
(i.e., only valid horizontally stored words remain in the FIFO of system 10). At that point, 
trace TR2 rand stylus trajectory STi again match and note that . due to vthe : reduced 
divergence between those paths above line L2 and below line L3, then the convergence of 
those paths above line L3 is not very abrupt. Accordingly, in this application, the 
preferred embodiment provides an acceptable level of performance for device 300 a 

. Having demonstrated various of the inventive aspects above, Figure ;5 also 
illustrates a method of operation of system 10, where this method ls~designated as ; method 
400 because it generalizes various of the principles discussed above> yetait also 
demonstrates ;&at>in the preferred embodiment a key aspect is that data is read or written 
in one orientation in a non-overflow state, and thsn data is read or written in ^a different 
orientation in ^. an overflow state. In general, the flow of method 400; is comparable to that 
of method 30 described above, yet a few different aspects are described so as to further 
demonstrate the invent scope. Further, method. 400^also can be achieved with various 
hardware and/ or software, including the use of one or more state machines. /: 

: : :; Method 400 = begins with an initialization step 402; which is followed by a 
read /write decision step 404 that is comparable to step 32 described, earlier. First looking 
to step.402,: it ^^initi^lizes read pointer PTRrd and write pointer I?TRwr- In a, generalised 
example, step 32> which may occur by way of example at: start-up or following a reset, 
both write pointer PTRvvr and read pointer PTRrd are initialized to point to the bottom of 
FIFO 12, that is, to word address WA[0]. Next, step 404 represents a wait state until 
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system 10 is called to either read data from, or write data to, FIFO 12, If a write is to be 
performed, then method 400 continues from step 404 to step 500* whereas if a readis to be 
performed, then'method 400 continues from step 404 to step 600; vFor sake pf simplicity, 
the following discussion first discusses the flow of a write as performed by step 500 and 
the steps following it, with a later discussion of a read as indicated by step 600 and the 
steps following it. 

Turning now to the write operations associated with method 400, in step 500 
system 10 determines whether a flag identified as ROTATE_WT is true. By way of 
explanation; note that this flag is represented as a binary state such as a bit in a register, 
and it is set when an overflow condition has been detected with respect to FIFO 12; the 
term "rotate? is iased not by way of limitation, but only in the sense that, as discussed 
above, when an overflow occurs in the preferred embodiment, then reading / and writing 
with respect to FIFO 12 is in an orientation that is different as compared to the orientation 
of data reading/ writing with respect to FIFO 12 when an overflow has not occurred. 
More specifically, in the previous illustrations v the difference in orientation is 
demonstrated as horizontal as compared to vertical orientation. Thus, one orientation 
may be said to be ••rotated'' with respect to the other; hence;; in Figure 5, the term "rotate" 
is intended to indicate this difference of orientation and it is included in certain flags -such 
as the ROTATE^ WT flag.of step 500, Returning now to that flag, the actual mechanism for 
detecting the overflow and setting RQTATE^WT is further discussed below> and it is also 
further apparent to > one skilled in the art given the other teachings in this document. 
Completing the discussion of step 500, if ROTATE_WT is false, then method 400 continues 
from step 500 to step .502, whereas if ROTATE JWT is true, then method 400 continues 
from step 500 to step 504. . ^; : ; 

; Steps 502 and 504 represent write steps; where step 502 corresponds to a write 
when no rotation is required per decision step 500 and where step, 504 corresponds to a 
write when rotation is required per decision step 500. In other words, step 502 is reached 
when ROTATE__WT is false, in which case no overflow has been detected; consequently, a 
write to FIFO 12 is performed in a manner comparable to the prior art, that is, to a 
standard orientation which is shown in step 502 as orientation #1, and which by- way. of 
example in the earlier discussion is shown as a horizontal write: Alternatively, however, 
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step 504 is reached when ROTATE JA/T is true, in which case an overflow has been 
detected; consequently, a write to FIFO 12 is performed in an inventive manner as 
discussed above and that differs from the orientation comparable to the prior art; thus, this 
non-conventional write is shown in step 502 as orientation #2, and which by way of 
example in the earlier discussion is shown as a vertical write. Thus, the write of step 504 is 
in effect rotated 90 degrees as compared to the write of step 502. In either event, following 
the appropriate one of steps 502 and 504, method 400 continues to a decision step 506. 

Step 506 is a decision step that determines whether the present read orientation 
and the present write orientation are the same, where these orientations are indicated by 
the flags ROTATEJtD and ROTATE^WT, respectively. In other words, the previous 
teachings have demonstrated that the preferred embodiment can read/write: in two 
different orientations (e.g., horizontal and vertical). If these two orientations are different, 
then this will be - depicted by different (e.g., complementary) states in the flags 
ROTATE JRD I arid ROTATE JWT; in this case, method 400 continues from step 506 to step 
508. To the contrary, if these two orientations are the same, then this will be depicted by 
like states inthe flags ROTATEJRD and ROTATE^WT; in this case> method 400 continues 
from step 506 to step 520. Each of these alternatives is discussed below. t " i 

, Step 508, having been reached when the read and write orientations are 
different, determines whether a maximum number of words have been written in the 
present orientation. For example, earlier it is: shown that in one embcKiiment when an 
overflow is detected, then four words are written vertically; applying this example to step 
508, then the maximum is four, and this maximum is compared to the value of write 
pointer PTRwr- Since that pointer is incremented for each write in method 400 
(Le., without the use of a separate offset), then if it exceeds the; maximtHn, the overflow 
block is full; as such/ method 400 illustrates the flow, continuing to step 510, indicated as a 
strong overflow. To the contrary, if during step 508: write pointer PTRwt does not exceed 
the maximum, then method 400 illustrates the continuing to step 510, indicated as a weak 
overflow. 1 ; :-c v :: " . " ■' : v.v ^ :V 

Steps-510. and 512 represent the opposite states of the overflow, as introduced 
above. Thus, step 510 is a strong overflow, meaning the overflow block is full. In this 
case, appropriate action may be taken. For example, an interrupt may be generated, yet 
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system 10 also may be configured to establish a next write into another like-orierited block 
in another location in FIFO 12 that differs from the presently full overflow block. 
Conversely, step 512 indicates a weak overflow, meaning the present overflow block is not 
full and, hence> the next write also should be to that samejbloek: Ifi either event, following 
steps 510 and 512 is shown a step 514, which increments write pointer PTRwt, thereby 
causing it to point to the next location of FIFO 12 into which a next word will be written 
(according to the appropriate one of orientation # 1 or orientation #2). 

Returning now to step 520, recall it is reached when the read and write 
orientations are the same. Next, step 520 determines whether write pointer PTRwt is 
currently pointing to the location immediately before the location currently indicated by 
read pointer PTRrd. This determination may be made with the modulo expression shown 
in step 520, namely, whether PTRwt^PTRrd-1. Further> recall from earlier that in this case, 
a subsequent Write will create an overflow. Thus, if the: condition of step 520 is true, 
method 400 continues to step 522, whereas if the condition of step 522 is false, then 
method 400 continues to step 524. > 

In step 522, having been reached when a next write will cause an overflow, a 
rotate pointer ROTATE- PTR is established and is set equal to the current value of write 
pointer PTRwfr note that this value of rotate pointer ROTATE^ETR will be used to identify 
the location of the next write. In addition, write pointer PTRwt is then zeroed. Finally, the 
state of ROTATE_WT is complemented. In other words, because; the preceding step 520 
has detected an upcoming overflow, then the orientation of the next write needs to be in 
an opposite direction as compared to the previous write. Thus, step 522 achieves this by 
changing ROTATE JWT to its complementary value. Following step 522, method 400 
returns to step 404; - : 

In step 524, having been reached when a next write will not cause an overflow, 
write pointer PTRwt is incremented. Following step 524, method 400 returns to^step 404. 
Having now described the write operations of method 400, attention is turned to its read 
operations as shown starting at step 600. Step 600 is a decision block that determines 
whether determines whether a flag identified as ROTATE^RD is true; like ROTATE_WT, 
this flag is also represented as a binary state such as a bit in a register, but here the step 600 
flag pertains to reading. Thus, when an overflow has occurred and words have been 
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written vertically into FIFO 12, as these words are incurred ROTATE_RD is set so that step 
600 will direct them to be read appropriately. Thus y if ROTATE^RD is set, method 400 
continues t6 step 602 in which case an orientation #2 read (e^g v vertical) is performed, 
whereas if ROTATE_RD is not set, method 400 continues to step 604 in whidi case an 
orientation*^ 

Following either step 602 or step 604, method 400 continues to step 606. Step 
606 increments read pointer PTRrd, thereby causing it to point to the next location of FIFO 
12 from which a next word will be read (according to the appropriate one of orientation # 1 
or orientation #2). Following step 606> method 400 returns to step* 404. 

From the above, it may be appreciated that the abdve embodiments provide an 
improved overflow- protected first-in first-out architecture^ as : may be implemented in 
various devices, particularly those using natural, raw data and where 100 percent 
precision is hot required. The preferred embodiments reduce or eliminate the need to 
oversize the FIFO circuit of the device as is often implemented in the prior art so as to 
accommodate the relatively rare instance of FIFO overflow. . Instead, the preferred 
embodiments permit a much smaller memory to be used, thereby having a positive 
impact on product v size, power consumption, and cost. Note; that the preferred 
embodiments may be applied to any technology but is p^ 

flop based FIFOs whre memory row/columns are accessible at the RTL stage. Moreover, 
while one sized FIFO (e.g v 16 words) has been described and with; a specified bit size (e.g., 
8 bits) and number: of vertical words (e.g., 4 words) stored within an overflow block, each 
of these parameters may be adjusted to create numerous other embodiments. - Further, 
while the preferred embodiment stores the overflow words across contiguous ones. -of the 
multiple word addresses, in an alternative embodiment the overflow words may be stored 
in some other manner, wMe still being stored in more than one horizontal word address, 
thereby only partially overwriting the horizontally-stored word while allowing recapture 
of part or allSof the, overflow word. Thus, these examples, provide yet another basis from 
which one skilled : in the art: may ascertain yet. other variations, and indeed while the 
present embodiments have been described; in detail; various substitutions, modifications 
or alterations could be made to the descriptions set forth above without departing, from 
the inventive: scope which is defined by the following claims. 



TI-34796EP 28 mv.*v ;v v ,,, . 

CI^IMS : :v / . r ,,: • , , s ^. 

\L : ■ Ax\ electronic device, comprising: ^ v : 

an input for receiving successive data words, wherein each data word of the 
successive data words comprises a pluraliiy of bits; 

a memory structure comprising a plurality of memory word addresses, wherein 
each memory word address corresponds to a storage structure operable to store a 
data word having the plurality of bits; 

control circuitry, operable during a non-overflow ^condition of the memory 
structure, for writing successive ones of received data words into respective 
successive ones of the memory word addresses; and 

control circuitry, operable during an overflow condition of the memory structure, 
for writing each data word in successive ones of received data words across 
multiple ones of the memory word addresses/; -v.:--- ^ : 

2. The electronic device of claim 1 wherein the control circuitry, operable 
during an overflow condition of the memory structure, is for writing each data 
word in the successive ones of received data words across a same set of the 
multiple ones of the memory word addresses. 

3. device of claim 1 wherein the control circuitry, operable 
during ? an • overflow condition of the memory structure, is for writing each data 
word m the successive ones of received data words across a same set of multiple 
contiguously-addressed ones of the memory word addresses. 

4. v The electronic device of claim 1, Claim 2 or Claim 3 and further comprising 
drcuitjy for detecting the overflow condition, wherein the circuitry for detecting 
the overflow condition is responsive to detecting a potential write of a data word 
into one of the memory word addresses, wherein the one memory word address 
already stores an unread data word. 
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5. The electronic device of any preceding claim and further comprising: 
circuitry for reading data words written during the non-overflow condition; and 
circuitry for reading data words written during the overflow condition, wherein 
the Circuitry for reading date words written during the overflow- condition 
comprises Circuitry for reading each data word from multiple contiguously- 
addressed ones of the memory word addresses. 

6. The electronic device of any preceding claim wherein the memory structure, 
the control circuitry operable during a rion-overflow condition of the memory 
structure, and the control dreuitiy operable during an overflow condition are all 
part of a handheld computing- device * 

7. A method of operating an electronic device, the device comprising a 
memory; structure comprising a plurality of memory word addresses, wherein each 
memory word address corresponds to a storage structure operable to store a data 
word having the plurality of bits, the method comprising: 

receiving, at an input, successive data words, wherein ea£h data word of the 
successive data words comprises a plurality of bits; - ^'rf- 
during a non-overflow condition of the memory structure, writing successive ones 
of received -data words into respective successive ones of the memory word 
addresses; and ■ ■■;■:>■:■' ^■ vr -.--: ?- ^-O 

during an Qverflow condition of the metnoiy structure, writing each data word in 
successive ones of received data words across multiple ones of the memory word 
addresses* : - 

8; : , : ^35te;inethpd. of claim 7 wherein the writing step, during the overflow 
condition of the memory ^structure, comprises writing each data word in the 
successive orieis of received data words across a same set of the multiple ones of the 
memory-word addresses. 
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9i ■ ^.Thfranetitiod of claim 7 wherein the writing step, operable during the 
overflow condition of the memory structure, comprises writing each data word in 
the successive ones of received data words across a same set of multiple 
corttiguously-addressed ones of the memory word addresses. 

<* . ......... 

10. The method of Claim 7, Claim 8 or Claim 9 and further comprising detecting 
the overflow condition by detecting a potential write of a data word into one of the 
memory word addresses, wherein the one memory word address already stores an 
unread d^tia Word. • ^ r '.' 
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OVERFLOW PROTECTED FIRST-IN FIRST OUT ARCHITECTURE 

ABSTRACT 

An electronic device (10). The device comprises an input (16i) for receiving 
successive data words, wherein each data word of the successive data words comprises a 
plurality of bits. The device also comprises a memory structure (12) comprising a 
plurality of memory word addresses, wherein each memory word address corresponds to 
a storage structure operable to store a data word having the plurality of bits. The device 
also comprises control circuitry (14, 16), operable during a non-overflow condition of the 
memory structure, for writing successive ones of received data words into respective 
successive ones of the memory word addresses. Finally, the device also comprises control 
circuitry (14, 16)? operable during an overflow condition of the memory struck for 
writing each data word in successive ones of received data words across multiple ones of 
the memory word addresses. : / 
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